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(54) POWER LINE CARRIER COMMUNICATION MODEM 



(57) A modem for a power line carrier system per- 
forming communication through a power distribution line 
network. A modem for time division multiplex communi- 
calion adjusts in a time sjot allocated for the communi- 
cation the input-output impedance to a matched low-im- 
, pedance value and adjusts in the other time slots not 
allocated to the modem the input-output impedance to 
a high-impedance value. Another modem for both time 



division multiplex communication and frequency divi- 
sion multiplex communication adjusts in a time slot al- 
located for the communication the input-output frequen- 
cy to enable an allocated frequency to pass through the 
modem. These measures can secure good communi- 
cation without adversely affecting the communication 
through the other modems connected to the power dis- 
tribution line network, without regard to the number of 
terminals connected. 
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Description 

Technical Field 

[0001] The present invention relates to a modem for 
use in communication through a power line carrier sys- 
tem, which utilizes for communication a power line net- 
work such as a power distribution line network. 

Background Art 

[0002] It is known that a power line carrier system 
transmits data through power lines. A power line carrier 
system comprises a power distribution line network, 
called a subnet, connected to a pole transformer and a 
plurality of terminals connected to the network. Each ter- 
minal is provided at each house. 
[0003] It is desirable that a terminal modem that con- 
nects the terminal to the power distribution line has an 
input-output impedance matched with the characteristic 
impedance of the power distribution line. However, or- 
dinary power distribution line networks are usually de- 
signed without considering the use for data transmis- 
sion. As a result, individual power distribution lines usu- 
ally have a different characteristic impedance. 
[0004] When a terminal modem is connected to such 
a power distribution line, its impedance may mismatch 
with that of the power distribution line, creating reflection 
of the signal. Furthermore, when a plurality of terminal 
modems are connected to a power distribution line, the 
transmission characteristic of the power distribution line 
changes. This change deteriorates the communication 
quality of a normally communicable terminal modem or 
disables it from communicating. 
[0005] Figure 1 is a diagram showing a power line car- 
rier system. A plurality of terminal modems, 1a, 1b, and 
1c, are connected to power distribution lines 13. A mas- 
ter station usually connected to a higher-level network, 
such as the Internet, is connected to the power line car- 
rier system through an optical fiber 1 4. While the master 
station and the terminal modem 1a are communicating 
with each other, when the terminal modem 1b is con- 
nected to the system, the transmission characteristic of 
the power distribution lines 13 changes. 
[0006] This change deteriorates the quality of com- 
munication between the master station and the terminal 
modem 1a. In the worst case, the communication be- 
tween them cannot be continued. 
[0007] Moreover, whenthe terminal modem Iciscon- 
nected to the system in addition to the terminal modems 
1a and 1b, the transmission characteristic of the power 
distribution lines 13 changes further in a complicated 
manner. 

[0008] This change deteriorates the quality of com- 
munication between the master station and each of the 
terminal modems 1a and 1b. 

[0009] A radical solution to the problem requires the 
standardization of the characteristic impedance of the 



power distribution lines. However, this requirement is 
unrealistic for the existing power distribution lines in 
terms of cost and other standpoints. 

5 Disclosure of the Invention 

[0010] In view of the foregoing circumstances, an ob- 
ject of the present invention is to offer a modem for a 
power line carrier system which modem can maintain 
10 good communication without regard to the number of 
terminals connected. 

[0011] To attain the foregoing object, a modem for a 
power line carrier system in accordance with an aspect 
of the present invention is provided with impedance-ad- 
15 justing means that can change the input-output imped- 
ance with respect to time. The impedance-adjusting 
means can in a time slot allocated for the communica- 
tion adjust the input-output impedance to a value that 
can attain a "condition under which the communication 
20 is performed in good quality." The present invention is 
based on the premise that the power line carrier system 
can perform time division multiplex communication. 
[001 2] According to the foregoing structure, because 
the input-output impedance can be changed with re- 
25 spect to time, the input-output impedance can in a time 
slot allocated for the communication be adjusted to a 
value that attains the best communication quality. The 
"condition under which the communication is performed 
in good quality" means, for example, a condition under 
30 which the input signal being monitored becomes the 
highest level or a condition under which the error rate of 
the sign of the input signal being monitored becomes 
the lowest value. As a result, the modem for a power 
line carrier system can maintain the communication un- 
35 der the best condition. 

[0013] The impedance-adjusting means may in the 
other time slots not allocated to the modem adjust the 
input-output impedance to a value higher than the value 
that can attain a condition under which the communica- 
40 tion is performed in good quality. The adjustment to the 
"higher value" can prevent adverse effects on the com- 
munication through the other modems connected to the 
power line network. The adjustment can be performed, 
for example, by opening the input-output terminal with 
45 a switch or by terminating the input-output terminal with 
a resistor having high resistance. 
[0014] To attain the above- described object, another 
modem for a power line carrier system in accordance 
with another aspect of the present invention is provided 
so with frequency-adjusting means that can change the in- 
put-output frequency with respect to time. The frequen- 
cy-adjusting means can in a time slot allocated for the 
communication adjust the input-output frequency to en- 
able an allocated frequency to pass through the means. 
55 The present invention is based on the premise that the 
power line carrier system can perform both time division 
multiplex communication and frequency division multi- 
plex communication. 
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[0015] More specifically, the frequency-adjusting 
means may have a plurality of filters to select a filter that 
passes an allocated frequency in an allocated time slot. 

Brief Description of the Drawing 

[0016] 

Figure 1 is a diagram showing a power line carrier 
system. 

Figure 2 is a diagram explaining the change in the 
input-output impedance of individual terminal mo- 
dems with respect to time. 

Figure 3 is a diagram showing the function of a fre- 
quency-adjusting circuit. 

Figure 4 is a diagram showing the frequency-pass- 
ing performance of band pass filters. 
Figure 5 is an illustration demonstrating the switch 
control for the terminal modems. 

Best Mode for Carrying Out the Invention 

[001 7] An embodiment of the present invention is ex- 
plained in detail below by referring to relevant accom- 
panying drawings. 

[0018] Figure 1 is a diagram showing a power line car- 
rier system. A plurality of terminal modems, 1a, 1b, 1c, 
and so on, are connected to power distribution lines 13 
on the secondary side of a pole transformer 1 2. A power 
distribution line 11 on the primary side of the pole trans- 
former 12 is usually structured with a three-phase sys- 
tem, and the power distribution lines 13 on the second- 
ary side of the pole transformer 1 2 are usually structured 
with a single-phase three- wire System. For simplicity, 
these power distribution lines are expressed by a single 
line in Fig. 1 . 

[001 9] A master station usually connectedto a higher- 
level network, such as the Internet, is connected to the 
power distribution lines 13 through an optical fiber 14, 
an optical/electrical (O/E) converter 15, and a master 
modem 16. When a communications circuit is formed 
by connecting the master modem 16 between one of the 
two live lines and the neutral line of a power distribution 
line 13 structured with a single-phase three-wire sys- 
tem, the terminal modems 1a, 1 b, 1 c, and so on are con- 
nected between the live line and the neutral line. When 
the master modem 1 6 is connected between the two live 
lines of the single-phase three-wire system, the terminal 
modems 1a, 1b, 1c, and so on are connected between 
the live lines. 

[0020] In the power line carrier system, the communi- 
cation channel between the master station and each of 
the terminal modems 1a, 1b, 1c, and so on is frequency- 
divided into a main channel for data transmission and a 
subchannel for system control. To structure a time divi- 
sion multiplex system, the main channel can be divided 
into a plurality of slots according to the number of termi- 
nal modems to be communicated. For example, when 



the number of terminal modems is N, the number of slots 
is N. 

[0021] The terminal modems la, 1b, 1c, and so on 
are provided with an impedance-adjusting circuit. The 
5 impedance-adjusting circuit can change the input-out- 
put impedance of a modem. More specifically, it can 
change the impedance from a value close to infinity 
(hereinafter referred to as a "high impedance") to lower 
values in a stepwise manner. 
10 [0022] The impedance can be changed, for example, 
by switching the resistance values of the resistors con- 
nected in parallel to the input-output terminals of the ter- 
minal modems i a, 1b, 1c, and so on. A variable resistor 
capable of varying the resistance with high speed may 
*5 be used to change the resistance steplessly. 

[0023] Under the following assumption, while the 
master station and the terminal modem 1a are commu- 
nicating with each other the terminal modem 1b is in- 
tended to connect to the system. 
[0024] When the terminal modem 1b is. switched on 
by the operator, the input-output impedance of the mo- 
dem is adjusted to the high impedance by the imped- 
ance-adjusting circuit (this state is referred to as the in- 
itial state). * 

[0025] Using the subchannel for system control, the 
terminal modem 1b sends the master station a commu- 
nication-requesting signal and waits for a response. 
[0026] Subsequently, when a time-divided communi- 
cation slot is allocated by the master station, the terminal 
modem 1b adjusts its input-output impedance to a "cer- 
tain value" lower than the high impedance at the initial 
state only for the time period of the allocated slot. The 
modem adjusts the input-output impedance to the high 
impedance for the time period outside the allocated slot. 
The foregoing "certain value" of the input-output imped- 
ance can be determined by finding a value at which the 
communication can be performed under the best condi- 
tion. The best condition can be found, for example, by 
changing the input-output impedance of the terminal 
modem 1 b so as to attain the condition under which the 
input signal becomes the highest level. The "certain val- 
ue" may be fixed. Hereinafter, this matched impedance 
is referred to as a "low impedance." 
[0027] When the master station allocates a commu- 
nication slot to the terminal modem 1b, it is necessary 
to change the temporal relative position and width of the 
communication slot used forthe communication with the 
terminal modem 1a. In this case, the master station 
sends a notice of change in the allocated communica- 
tion slot to the terminal modem 1a. 
[0028] Figure 2 is a diagram explaining the change in 
the input-output impedance of individual terminal mo- 
dems with respect to time. In this case, the terminal mo- 
dems 1a, 1b, and 1c are communicating. Time slots fa, 
to, and tc are allocated to the terminal modems 1a, 1b, 
and 1c, respectively. Here the above-described commu- 
nication slot is expressed as a time slot. The terminal 
modem 1 a adjusts its input-output impedance to the low 
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impedance only for the time period allocated to the time 
slot fa, with the impedance adjusted to the high imped- 
ance for the rest of the time. The input-output imped- 
ance values of the terminal modems 1 b and 1 c are sim- 
ilarly adjusted. 

[0029] Because each terminal modem adjusts its im- 
pedance to the low impedance only for the allocated 
time period, other terminal modems can communicate 
with the master station without interference. 
[0030] Another embodiment of the present invention 
is explained below. 

[0031] In the prior embodiment, the communication 
between the master station and each terminal modem 
is performed by the time division multiplex system, in 
which communication time is divided into time slots to 
allocate them to individual terminal modems. In that sys- 
tem, however, the width of the allocated time slot de- 
creases as the number of terminal modems increases. 
As a result, the rate of data transmission decreases, and 
the resulting delay in data reception may create a prob- 
lem 

[0032] To solve this problem, the present embodiment 
divides the frequency forthe purpose of allocation in ad- 
dition to the division of time into the time slots. In other 
words, this embodiment concurrently employs the time 
division multiplex system and the frequency division 
multiplex system. 

[0033] In this embodiment, a terminal modem is pro- 
vided with a frequency-adjusting circuit. The frequency- 
adjusting circuit changes the input-output impedance of 
tnc terminal modem according to the passing frequency. 
This change is performed by receiving a control signal 
from the master station. 

[0034] Figure 3 is a diagram showing the function of 
the frequency-adjusting circuit. The terminal modem is 
accompanied by a plurality of on-off switches, 17a to 
1 7c. to act as an impedance-adjusting circuit and a plu- 
rality of band pass filters, BPFato BPFc, to act as a fre- 
quency-adjusting circuit. 

[0035] Figure 4 is a diagram showing the frequency- 
passing performance of the band pass filters BPFa to 
BPFc. Mutually different passing frequencies f1, 12, and 
13 are allocated to the band pass filters BPFa, BPFb, 
and BPFc, respectively. The band pass filters BPFa to 
BPFc themselves act as a matched low-impedance ter- 
minal for the allocated passing frequency. Therefore, 
when band pass filters are switched, values of the im- 
pedance are automatically switched. This is the reason 
why Fig. 4 has the vertical axis represented by "imped- 
ance." 

[0036] When a terminal modem requires the master 
station to allocate a communication slot, the master sta- 
tion allocates a specific frequency and a specific time 
slot to the terminal modem. 

[0037] Figure 5 is an illustration demonstrating the 
switch control for the terminal modems. For example, 
the terminal modem 1a uses the frequency teat the time 
slot fa, does not communicate at the time slot to, and 



uses the frequencies 12 and 13 at the time slot tc. The 
terminal modem 1b uses the frequency 12 at the time 
slot ta, uses the frequency 13 at the time slot tb, and 
does not communicate at the time slot fc. 
5 [0038] Because each terminal modem adjusts its im- 
pedance to the low impedance only forthe allocated fre- 
quency and time slot, other terminal modems can com- 
municate with the master station without interference. 
More specifically, when a first terminal modem commu- 
te nicates with the master station using a first frequency, 
and a second terminal modem communicates with the 
master station using a second frequency in the same 
time slot, the impedance of the second terminal modem 
is high forthe first frequency, and vice versa. Therefore, 
is no interference occurs. 

[0039] Unlike the embodiment explained by referring 
to Fig. 2, which divides only the time, the embodiment 
explained by referring to Figs. 3 to 5 divides both the 
time and frequency. This time and frequency division in- 
20 creases the number of available channels in compari- 
son with the embodiment shown by Fig. 2. Consequent- 
ly, high-rate signal transmission can be accomplished, 
and the delaying time of data transmission can be ad- 
justed. As a result, images can be sent in real time, and 
25 a voice-delaying problem in telephone can be solved. 
[0040] The present invention is explained above by 
demonstrating some embodiments. However, the 
present invention is not limited to the above-described 
embodiments. For example, under certain conditions, a 
30 high-pass filter or low-pass filter may be used in place 
of the foregoing band pass filter providing that they can 
pass signals having a specified frequency. 
[0041] Furthermore, various changes may be per- 
formed within the scope of the present invention. 

35 

Industrial Applicability 

[0042] As explained above, the present invention em- 
ploys a structure that enables the input-output frequen- 

40 C y to change with respect to time. Consequently, the in- 
put-output frequency can be adjusted to an allocated 
frequency in an allocated time slot. As a result, a modem 
for a power line carrier system can communicate with 
an optimum input-output impedance that consistently 

^5 attains conditions for good communication quality with- 
out mutual interference with the other modems connect- 
ed to the power line carrier system. Thus, the modem 
offered by the present invention enables the mainte- 
nance of the communication under the best condition. 

50 

Claims 

1 . A modem for a power line carrier system, the mo- 
55 dem being for use in a communications system that 
carries out communication through a power distri- 
bution line network; 
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3. 



the modem being provided with impedance-ad- 
justing means; 

the impedance-adjusting means being: 

capable of changing the input-output im- 
pedance with respect to lime; and 
in a time slot allocated for the communica- 
tion, capable of adjusting the input-output 
impedance to a value that can attain a con- 
dition under which the communication is 
performed in good quality. 

A modem as defined by claim 1 , wherein the imped- 
ance-adjusting means can in the other time slots not 
allocated to the modem adjust the input-output im- 
pedance to a value higher than the value that can 
attain a condition under which the communication 
" is performed in good quality. 

A modem for a power line carrier system, the mo- 
dem being for use in a communications system that 
carries out communication through a power distri- 
bution line network; 

the modem being provided with frequency-ad- 
justing means; 

the frequency-adjusting means being: 

capable of changing the input-output fre- 
quency with respect to time; and 
in a time slot allocated for the communica- 
tion, capable of adjusting the input-output 
frequency to enable an allocated frequen- 
cy lo pass through the means. 

A modem as defined by claim 3 ; wherein the fre- 
quency-adjusting means: 
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in a time slot allocated for the communica- 
tion, capable of adjusting the input-output 
impedance to a value that can attain a con- 
dition under which the communication is 
performed in good quality. 

2. A modem as defined by claim 1 , wherein the im- 
pedance-adjusting means can in the other time 
slots not allocated to the modem adjust input-output 
impedance to a value higher than the value that can 
attain a condition under which the communication 
is performed in good quality. 

3. (Amended) A modem for a power line carrier sys- 
tem, the modem being for use in a communications 
system that carries out communicRtion through a 
power distribution line network; 

the modem being provided with frequency-ad- 
justing means; 

the frequency-adjusting means being: 

capable of changing input-output frequen- 
cy with respect to time; and 
in a time slot allocated for the communica- 
tion, capable of adjusting the input-output 
frequency to enable only an allocated fre- 
quency to pass through 
the means. 

4. A modem as defined by claim 3, wherein the fre- 
quency-adjusting means: 

has a plurality or fillers; and 

in an allocated time slot, can select a filter that 

passes an allocated frequency. 



has a plurality of filters; and 

in an allocated time slot, can select a filter that 

passes an allocated frequency. 



Amended claims under Art. 19.1 PCT 

1 . (Amended) A modem for a power line carrier sys- 
tem, the modem being for use in a communications 
system that carries out communication through a 
power distribution line network; 

the modem being provided wilh impedance-ad- 
justing means; 

the impedance-adjusting means being: 

capable of changing impedance high and 
low with respect to time, the impedance be- 
ing commonly used for input- and output- 
signals related to communications; and 



45 



50 



55 



Statement under Art. 19.1 PCT 

This amendment should clarify that in Claim 1, the 
impedance is commonly used for input- and output-sig- 
nals related to communications, and that the imped- 
ance-adjusting means is capable of changing imped- 
ance to high and low with respect to time. Furthermore, 
Claim 3 must clarify that the impedance-adjusting 
means is only an allocated frequency and that the input- 
output frequency is capable of adjusting. Therefore, this 
invention is clearly different from the reference's inven- 
tion. 
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